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INTRODUCTION
Subdural empyema, which is a collection of
pus within the potential space between the dura
and arachnoid mater is a well-known life-threat-
ening condition. It accounts for about 30% of in-
tracranial infections (Blaquiere, 1983). Before the
era of antibiotics, this condition was usually fa-
tal. From 1950 to 1975, mortality was about 25
to 40% (Mauser et al, 1987). However, with the
advent of computed tomography (CT) scan and
improvement in antibiotics and intensive care fa-
cilities, mortality has improved to about 10 to 20%
(Bannister et al, 1981; Mauser et al, 1987).
It is usually caused by neglected paranasal
sinusitis (usually frontal sinusitis), meningitis,
otitis media, and post-trauma. The major patho-
gens include Streptococci, anaerobic organisms,
Staphylococcci, Haemophilus influenzae and Pro-
teus mirabilis. Sterile culture was also common.
(Nathoo et al, 1999).
Magnetic resonance imaging (MRI) has be-
come the modality of choice in evaluating subdu-
ral empyema, because it is more sensitive than a
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CT scan, it can differentiate subdural from epidu-
ral empyema, provide better characterization of the
extraaxial fluid, and detect concomitant parenchy-
mal alterations (Weingarten et al, 1989). Several
authors reported failures of CT scans to detect sub-
dural empyema (Dunker and Khankoo, 1981;
Baum and Dillon, 1992). In Southeast Asia, the
CT scan is still the modality of choice especially
in comatose or critically ill patients, where MRI is
not economic or practical.
Subdural empyema is a neurosurgical emer-
gency, requiring immediate neurosurgical drain-
age either by craniotomy, or burrhole with drain-
age together with debridement or removal of the
primary source of infection.
No study has clearly addressed the role of
the initial CT scan as an indicator of patient sur-
vival. This study was conducted to predict the
outcome in patients with subdural empyema, us-




This cross-sectional study involved all chil-
dren diagnosed with subdural empyema by brain
CT scan with contrast who underwent burrhole
evacuation from February 2000 until April 2002.
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Patients who were older than 12 years with a his-
tory of neurological disease, and those who did not
undergo surgery, were excluded from the study.
After completion of 6 weeks of antibiotics,
a second CT scan of the brain with contrast was
performed. Two radiologists who were blinded
to the history and outcome of the patients, re-
viewed the CT scan films.
The initial CT scan was done to see the fol-
lowing features: location of the subdural empyema,
subdivided into whether it was over the convexity
(frontal, temporal, parietal and occipital) or
parafalcine region, thickness of the subdural em-
pyema at the largest vertical distance between the
cortex and the tabula interna (in millimeters)
(Zumkeller et al, 1996), midline shift (in millime-
ters), estimated volume of subdural empyema (Kido
et al, 1992), presence of hydrocephalus (Rao, 1999),
presence of hypodense areas within the brain pa-
renchyma (single or multiple), presence of subdu-
ral abscess or empyema (Broderick et al, 1993),
and enhancement on IV contrast, either only the
empyema or involving the ventricles, basal cistern
and brain parenchyma.
The CT scan 6 weeks’ post-treatment was
done to see the following features: presence of
any residual subdural empyema, thickness of the
residual subdural empyema at the largest vertical
distance between the cortex and the tabula interna,
midline shift, estimated volume of the subdural
empyema (Kido et al, 1992), presence of hydro-
cephalus, presence of cerebral atrophy, presence
of hypodense areas within the brain parenchyma
(single or multiple), presence of epidural abscess/
empyema and enhancement on IV contrast, ei-
ther only the empyema or involving the ventricles,
basal cistern and brain parenchyma. All patient
particulars were recorded from case notes, ie de-
mographic data, history of illness and physical
examination findings, particularly onset of illness
before initial CT brain (days), seizures (whether
focal, generalized, or none), hemisyndromes, and
level of consciousness which was defined using
the neurological grade on admission and mortal-
ity used by Bannister et al (1981). For purposes
of statistical analysis, level of consciousness was
classified into two groups. Group A consisted of
grades I and II. Group B consisted of grades III
and IV. The grades were defined as: grade I (alert
and orientated), grade II (drowsy and disorien-
tated), grade III (response to stimulation), and
grade IV (no purposeful response, even to pain).
Other information collected about the pa-
tients were: possible source of infection-sinusitis
(Kronomer and McAlister, 1997), otitis media
(Damoiseaux et al, 2000), meningitis (Grimwood
et al, 1995), recent intracranial surgery-bacteri-
ology [blood culture (if growth, the offending
organism], cerebrospinal fluid culture: from lum-
bar puncture or surgery (if growth, the offending
organism), surgical treatment, amount of pus
drained (mls), hydrocephalus treatment (none,
EVD, Rickhams, both) and revision of operation
(none, single, more).
Preoperatively, all patients were treated with
antibiotics, which continued for at least 6 weeks.
Final outcome was assessed at the time of dis-
charge, after completion of intravenous antibiot-
ics and during the follow-up period in the outpa-
tient neurosurgical clinic. Factors that were as-
sessed for final outcome were any seizures
(Dichter, 1994), focal or generalized seizures,
hemisyndrome improvement and functional sta-
tus at discharge and follow-up in the outpatient
neurosurgical clinic.  Functional status was cat-
egorized as group 1 (excellent), group 2 (neuro-
logically handicapped), group 3 (severely neuro-
logically handicapped), and group 4 (deceased)
(Bok and Peter, 1993).
Statistical analysis
Statistical analysis was done using SPSS
computer software version 10.0. Sociodemo-
graphic data were analyzed using descriptive
analysis. The patients were grouped by functional
status at outcome as good, poor, or death. The
associations between the various clinical para-
meters, the significant initial and post-treatment
CT scan parameters, with the outcomes of the pa-
tients, were determined.
Pearson chi-square test or Fischer’s exact test
were used to find associations between para-
meters and outcome. The chi-square test was used
when the proportion of cells with an expected fre-
quency of less than five was less than or equal to
20% of the cells. Fischer’s exact test was used
otherwise. The level of significance was set at
0.05, two-tailed.
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 RESULTS
For a period of two years, from February
2000 until April 2002, twenty-four cases were
included into the study. Out of the 24 patients, 15
(62.5%) were male and 9 (37.5%) were female.
Almost all patients were Malay, except one who
was a Chinese. Sixteen patients (66.6%) were less
than 6 months old. The mean age was ± 5.6
months. Out of these, 8 (33.3%) were under 3
months, and another 8 (33.3%) were between 4
and 6 months. Four patients (16.7%) were be-
tween 7 and 9 months, and 4 (16.7%) were be-
tween 10 and 12 months. No patient was older
than 1 year. All patients were diagnosed with men-
ingitis.
Most of the patients had a long period of ill-
ness before being diagnosed with subdural em-
pyema. Only 7 patients (29.2%) were diagnosed
with subdural empyema after less than 5 days of
illness. Seven patients (29.2%) and 8 (33%) were
diagnosed at between 5-10 and 10-15 days of ill-
ness, respectively. Only two patients (8.3%) were
diagnosed after more than 15 days’ illness.
All patients but one had seizures at presen-
tation. Of those, 9 (39.1%) had focal seizures and
14 (58.3%) had generalized seizures. Only six
(25.0%) had clinical evidence of hemisyndrome
at presentation. For level of consciousness at pre-
sentation, most patients were ‘drowsy and dis-
orientated’ (70.8%). Three patients (12.5%) were
‘alert and orientated’. Four patients (16.7%)
showed ‘response to stimulation only’. There was
no patient in the ‘no purposeful response, even to
pain’ group.
Almost all (95.8%, 23 patients) patients had
a frontal subdural empyema, except for one. Nine-
teen (79.2%) had a parietal extension; 6 (25.0%)
had a temporal extension; while 3 (12.5%) had a
parafalcine extension of the subdural empyema.
None had an occipital extension of the subdural
empyema. Most (79.2%, 19 patients) had bilat-
eral subdural empyema.
Sixteen patients (66.7%) had a subdural
empyema less than 10 mm thick. In 3 patients
(12.5%), the thickness was more than 15 mm.
Four patients had evidence of midline shift sec-
ondary to the subdural empyema, of whom most
were less than 5 mm (3 patients). Most of the
patients (75.0%, 18 patients) had a volume of
subdural empyema of less than 100mls, while 2
patients (8.3%) had a volume of more than 150
mls. Of the 24 patients, 6 (25.0%) had hydroceph-
alus on the initial CT scan. Three patients (12.5%)
had hypodense areas on the initial CT scan; of
these, 2 had multiple hypodense areas.
Most of the patients (87.5%) had enhance-
ment of the empyema only. Only one patient had
enhancement of the ventricles and empyema. One
patient had enhancement of the cerebrum adja-
cent to the empyema.
Over half of the patients (62.5%) had an in-
terval of less than two days between the CT scan
and surgery. Four patients (16.7%) had a slightly
longer interval, of 3 to 5 days. Only four patients
(16.7%) had a long interval (9-11 days) between
CT scan and surgery.
All patients were treated with burrhole and
drainage for the subdural empyema. They were
also treated intravenously with broad-spectrum
antibiotics for at least six weeks. The antibiotics
were changed according to the culture and sensi-
tivity of the organism from the blood and CSF.
Of the 6 patients with hydrocephalus by ini-
tial CT scan, 3 (50.0%) had an external ventricu-
lar drain (EVD). The other three patients (50.0%)
were treated by insertion of Rickham’s catheter.
Only 5 patients (20.9%) had a revision of sur-
gery; of them, 4 had a single revision and one
had more than one.
Four patients (16.7%) had positive culture
by CSF. Twelve patients (50.0%) had a positive
blood culture. One patient had a positive culture
from both blood and CSF. Seven patients (29.2%)
had no growth from both blood or CSF. Nineteen
patients (79.2%) had a causative organism, of
whom, 2 had no positive culture blood or CSF.
For these 2 patients, the causative organisms were
detected by serological study of the CSF. Eleven
patients (57.9%) had Haemophilus influenzae,
four (21.1%) had Streptococcus species; Staphy-
lococcus species were detected in two patients
(10.5%) and Pseudomonas species was seen in
one patient. One patient had two organisms, Neis-
seria meningitidis and Escherichia coli.
In the post-treatment CT brain scan which
was performed at least six weeks after the initial
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CT scan, several findings were noted. Only 5
(20.8%) of the 24 patients had a residual lesion.
Seven (29.2%) had hydrocephalus at post-treat-
ment CT scan, while 7 (29.2%) had cerebral at-
rophy. A high percentage of patients (50.0%) had
hypodense areas, which could represent areas of
infarction or gliosis.
Of the 24 patients, 6 (25.0%) still had sei-
zures on follow-up. All of these had generalized
seizures. Three out of four patients with
hemisyndrome on admission recovered completely
(75.0%). The patient who did not recover had se-
vere neurological deficit at outcome. For functional
status on follow-up, a high percentage of patients
(58.3%) had an excellent outcome, with no residual
neurological deficit, five (20.8%) had a mild neu-
rological deficit, three (12.5%) had a severe neu-
rological deficit, and two patients died (8.3%).
Initial CT scan parameters and outcome
For both outcomes 1 and 2, there was a sta-
tistically significant predictive value for patients
with hypodense areas at the initial CT scan of
having a good or poor outcome. However, there
was no predictive value for these patients of sur-
vival or death (Table 1).
Table 1
Prediction of outcomes using initial CT scan parameters.
CT scan parameters Outcome 1 Outcome 2
 Good Poor p-valuea Alive Dead p-valuea
Parietal lobe
Yes 14 5 0.533 17 2 0.685
No 5 0 5 0
Temporal lobe
Yes 4 2 0.218 5 1 0.423
No 14 3 17 1
Parafalcine
Yes 2 1 0.423 2 1 0.101
No 17 4 20 1
Unilateral/Bilateral
Unilateral 4 1 0.770 5 0 0.448
Bilateral 15 4 17 2
Thickness (mm)
≤ 5 4 1 5 0
6-10 9 2 0.791 10 1 0.490
11-15 4 1 5 0
> 15 2 1 2 1
Midline shift
Yes 3 1 0.930 4 0 0.360
No 16 4 18 2
Calculated volume (mls)
≤ 50 8 3 10 1
51-100 6 1 0.761 7 0 0.587
101-150 4 0 4 0
> 150 1 1 1 1
Hydrocephalus
Yes 4 2 0.409 5 1 0.591
No 15 3 17 1
Hypodense areas
Yes 1 2 0.037 3 0 0.577
No 18 3 19 2
Enhancement
None 1 0 1 0
Empyema only 16 5 0.388 19 2 0.575
Empyema and ventricles 1 0 1 0
Empyema and cerebrum 1 0 1 0
aChi-square test/Fisher’s exact test
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Table 2
Prediction of outcomes using post-treatment CT scan parameters.
CT scan parameters Outcome 1 Outcome 2
 Good Poor p-valuea Alive Dead p-valuea
Any residual lesion
Yes 4 1 0.680 5 0 0.283
No 15 4 17 2
Hydrocephalus
Yes 4 3 0.634 6 1 0.756
No 15 2 16 1
Cerebral atrophy
Yes 6 1 0.680 7 0 0.283
No 13 4 15 2
Hypodense areas
Yes 8 4 0.132 11 1 1.000
No 11 1 11 1
Enhancement
None 15 3 17 1
Empyema only 3 0 0.277 3 0 0.205
Empyema and ventricles 0 1 1 0
Empyema and cerebrum 1 1 1 1
aChi-square test/Fisher’s exact test
Post-treatment CT scan parameters and
outcome
For both outcomes 1 and 2, there was no pre-
dictive value of the post-treatment CT scan pa-
rameters in patients with subdural empyema a
good or poor outcome, or of survival or death
(Table 2).
Clinical parameters and outcome
There was a statistically significant predic-
tive value for level of consciousness at presenta-
tion with outcome 2 (survival or dead at outcome).
The other parameters showed no statistically sig-
nificant predictive values to suggest the outcomes
for patients with subdural empyema (Table 3).
DISCUSSION
Subdural empyema is a rare suppurative in-
tracranial disease. Even though it is rare in first-
world countries, it is relatively common in third-
world countries. In the two series reported from
South Africa (Bok and Peter, 1993; Nathoo et al,
1999), a higher number of cases was seen within
a relatively short period. Bok and Peter (1993)
reported 90 cases of subdural empyema within a
13-year period. Nathoo et al (1999) reported the
highest number of cases of subdural empyema
(699 cases) ever published in the English litera-
ture within a 15-year period. In Turkey, Erdem et
al (1996) reported 23 cases in a 6-year period.
By contrast, in most first-world countries, re-
ported cases were relatively fewer in a similar
period. In the USA, Dill et al (1995) reported 32
cases within a 22-year period, while Smith and
Hendrick (1983) reported 22 cases within a 28-
year period. Mauser et al (1987), in the Nether-
lands, reported 102 cases within a 49-year period.
In England, Miller et al (1987) reported 24 cases
in a 14-year period, Cowie and Williams (1983)
reported 89 cases in a 28-year period, and Ban-
nister et al (1981) reported 66 cases in a 26-year
period. In this study, we reported 24 cases of sub-
dural empyema in a 2-year period. This is con-
sistent with previous reports in other third-world
countries.
Subdural empyema is more commonly seen
in males than females. Of the 24 patients in this
study, 62.5% were male and 37.5% female. The
male to female ratio was 1.7:1, which was simi-
lar to other studies. Nathoo et al (1999) reported
62% male and 38% female. Bok and Peter (1993)
also reported 68% male and 32% female. How-
ever, in other series reported in first-world coun-
tries, there have been slight differences in the ra-
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tios. Mauser et al (1987), in the Netherlands, re-
ported 78% male; Miller et al (1987), in London,
also reported 78% male. These studies produced
a ratio of 3.5:1, which was significantly different
from third-world countries (ratio 1.7:1).
The current study concentrated on subdural
empyema cases in children; all of the cases were
less than one year of age, with a mean age of 5.6
months. Most of the published studies were con-
ducted with all age groups. Nathoo et al (1999)
reported 14.9% in cases under 5 years of age,
while Bok and Peter (1993) reported 14.4% in
the same age group. Mauser et al (1987) and Ban-
nister et al (1981) reported only 10% in cases
under 10 year of age. Smith and Hendrick (1983)
reported 63.6% in cases under 2 year of age.
Since all of the patients were under 1 year
of age, the patients’ ages were reclassified into
months. Sixteen patients (66.6%) were under 6
months. This is to be expected, since almost all
patients had subdural empyema secondary to
meningitis. Hussain et al (1998), in their cross-
sectional study involving 5 centers in Malaysia,
reported 90% of postneonatal childhood menin-
gitis case were under 5 years of age, of whom
half were under 6 months.
Neglected rhinogenic infection resulting in
paranasal sinusitis was the common cause of
empyema. Other causes included otogenic causes,
meningitis, trauma and post-intracranial surgery
(Nathoo et al, 1999). In this study, all patients
had subdural empyema secondary to meningitis.
Nathoo et al (1999) also reported a high incidence
of subdural empyema secondary to meningitis
(70%) in the under-5-years age group. Paranasal
sinusitis was the cause in 11% of cases in the same
age group. However, Smith and Hendrick (1983)
only reported 18% incidence of subdural empy-
ema secondary to meningitis in children. This is
because their study also included patients above
12 years (7 patients aged 13 to 16 years). Noth-
ing was mentioned regarding the ages of the pa-
tients in the postmeningitic group.
Subdural empyema is one of the known com-
Table 3
Prediction of outcomes using selected clinical parameters.
CT scan parameters Outcome 1 Outcome 2
 Good Poor p-valuea Alive Dead p-valuea
Age groups (months)
< 3 5 3 6 2
4-6 6 2 0.133 8 0 0.182
7-9 4 0 4 0
10-12 4 0 4 0
Blood culture
Yes 11 2 0.185 13 0 0.104
No 8 3 9 2
CSF culture
Yes 3 2 0.080 4 1 0.255
No 16 3 18 1
Organism growth
H. influenzae 9 2 11 0
Staphylococcus 2 0 2 0
Streptococcus 2 2 0.849 3 1 0.432
Pseudomonas 1 0 1 0
Mixed 0 1 0 1
None 5 0 5 0
Level of consciousness
Alert and orientated 3 0 3 0
Drowsy and disorientated 14 3 17 0
Response to stimulation 2 2 0.086 2 2 0.008
No response even to pain 0 0 0 0
aChi-square test/Fisher’s exact test
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plications of childhood meningitis, it is quite rare.
Subdural empyema usually develops when there
is secondary infection of the sterile subdural ef-
fusion. Other complications include vascular
thrombosis and infarction, hydrocephalus and
brain abscess. Syrogiannopoulos et al (1986) re-
ported an incidence of 6.8% subdural effusion in
2,013 bacterial meningitis cases, of whom only
1.7% of cases were confirmed as subdural empy-
ema. However, Snedeker et al (1990) reported a
higher incidence of subdural effusion in their se-
ries (39%), but could not confirm the incidence
of subdural empyema since 7 patients had sub-
dural paracentesis, of whom only one had subdu-
ral empyema (cell count >20,000/mm3). Hussain
et al (1998) reported an 18.3% incidence of sub-
dural effusion secondary to meningitis in Malay-
sia.
The periods of illness, before the patients
were diagnosed with subdural empyema, were
long. Most of the patients (71%) were ill for more
than 5 days before diagnosis. As most of the pa-
tients had subdural empyema secondary to men-
ingitis, there will usually be a lag before devel-
oping the subdural empyema. The development
of new or persistent neurological deficits, pro-
longed pyrexia, coma, persistent seizures and in-
creasing head circumference during treatment will
preclude suspicion of the development of subdu-
ral effusions in these patients (Suchet et al, 1988;
Snedeker et al, 1990). Syrogiannopoulos et al
(1986) reported a delay of 6.6 days before a diag-
nosis of subdural empyema was made. In patients
with a benign subdural effusion, there was a
longer delay, of 10.5 days. This difference was
statistically significant (p<0.05).
Prolonged fever, focal and generalized sei-
zures, focal neurological deficits, and altered lev-
els of consciousness were the common modes of
presentation in our series. All patients had sei-
zures at presentation, except one. Fifty-eight per-
cent (14 patients) developed generalized, and 39%
(9 patients) focal, seizures. Only 25% of patients
had a focal neurological deficit at presentation.
This  contrasts with other studies reporting a lower
incidence of seizures. Nathoo et al (1999) ob-
served that fever (77%), neck stiffness (74%),
headache (32%) and focal seizures (29%) were
the common initial presenting features. Bok and
Peter (1993) observed that headache (71%), neck
stiffness (60%), fever (58%) and altered level of
consciousness (56%) were the common initial
presenting features. Seizures were only seen in
34% of patients. Erdem et al (1996) observed that
headache (100%), neurological deficit (83%),
fever (78%), and vomiting (48%) were the com-
mon initial presenting features. Epilepsy was only
seen in 30% of patients. Smith and Hendrick
(1983) in their subdural empyema in children se-
ries only reported clinical features of subdural
empyema in the 12 to 16 years age group. Noth-
ing was mentioned about the clinical features of
the under-12-years age group. The reason for the
high incidence of seizures in our series was be-
cause the subdural empyema was mainly second-
ary to meningitis. Pusponegoro et al (1998) ob-
served that 100% of their bacterial meningitis
patients had fever and seizures at presentation,
and 54% had neck stiffness.
The CT scan is a very important diagnostic tool
for subdural empyema (Zimmerman et al, 1984).
Other radiological diagnostic methods include ul-
trasound of the cranium, MRI, angiography and ra-
dionuclide imaging (Chen et al, 1988; Sze and
Zimmerman, 1988; Kim and Weinberg, 1976). How-
ever, currently, the CT scan, MRI and ultrasound
remain the important diagnostic tools. Angiography
and radionuclide imaging are mainly historical meth-
ods. Some authors had used non-radiological diag-
nostic methods, such as transillumination and sub-
dural paracentesis (Syrogiannopoulos et al, 1986;
Snedeker et al, 1990). These are important, espe-
cially in cases of subdural empyema secondary to
meningitis.
Even though there were few reports of CT
scan failure to detect early subdural empyema, it
remained an important radiological diagnostic
tool (Dunker and Khankoo, 1981; Baum and
Dillon, 1992). MRI was noted to be more sensi-
tive than CT scan in detecting early lesions, pa-
renchymal abnormalities, and to differentiate be-
tween epidural and subdural empyema and be-
tween parenchymal abscess and subdural empy-
ema (Weingarten et al, 1989). However, due to
the unavailability of MRI scannes in all centers,
it cannot be widely used as a diagnostic tool. In
the east coast of Malaysia during the study pe-
riod, MRI scanning was only available in the
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Hospital of the Universiti Sains Malaysia.
Almost all of our patients had subdural em-
pyema secondary to meningitis. The CT scan of
the brain also showed other complications of
meningitis, such as infarction (12.5%), hydro-
cephalus (25%), ventriculitis (4%), and brain ab-
scess (4%). Hussain et al (1998) reported an
11.3% incidence of hydrocephalus among the 71
confirmed cases of bacterial meningitis in their
series.
In this study, we observed that the presence
of hypodense areas, which could be attributed to
areas of cerebral infarction in the initial CT scan
of the brain, had a significant influence (p<0.05)
on the outcome of the patient. Patients with
hypodense areas were observed to have poor out-
comes compared with patients without hypodense
areas. However, the presence of hypodense areas
had no significant influence on the survival of
patients. The other parameters, ie extension of
subdural empyema, thickness, estimated volume,
midline shift, hydrocephalus, and patterns of en-
hancement, had no bearing (p>0.05) on patient
outcomes. Nathoo et al (1999) also observed that
patients with cerebral infarction (41.2% died) and
ventriculitis (80.0% died) had significantly lower
rates of survival. In this study, only one patient
with an associated ventriculitis had a ‘minimal
neurological handicap’ as the outcome (good out-
come).
We correlated the initial CT scan parameters
with the level of consciousness at presentation.
Of all the parameters, only parafalcine extension
of the subdural empyema had a significant corre-
lation with level of consciousness (p<0.05). The
other parameters did not show any correlation
with level of consciousness at presentation. Only
3 patients had a parafalcine extension, and of
those, 2 patients showed ‘response to stimulation
only’ and 1 was ‘drowsy and disorientated’ at pre-
sentation. All three had bilateral frontal and pari-
etal extension of the subdural empyema, with an
estimated volume of more than 100 mls. These
features correspond to an extensive or diffuse ex-
tension of the subdural empyema. We can con-
clude indirectly that patients with a diffuse sub-
dural pus collection will usually have a lower level
of consciousness than patients with localized sub-
dural pus collection. Mauser et al (1987) observed
that patients with a diffuse subdural pus collec-
tion had a lower rate of survival without severe
disability than patients with a localized accumu-
lation. They observed that the extent of the sub-
dural pus accumulation was dependent on the
level of consciousness at presentation.
All patients were treated with both medical
and neurosurgical management. Broad-spectrum
antibiotics were started at the initial diagnosis of
meningitis and changed accordingly based on
culture and sensitivity results. For neurosurgical
management, all patients had burr hole evacua-
tion with catheter drainage. In our study, the mor-
tality of 8.3% (2 patients) is comparable to the
previous studies done in the computed tomogra-
phy era. In the computed tomography era, the burr
hole had the advantage over craniotomy. Erdem
et al (1996) reported 23 cases treated with burr
holes, with a mortality of 8.7% (2 deaths). Bok
and Peter (1993) reported 75 patients treated with
burr holes, with a mortality of 6.7%.
However, in the pre-computed tomography
era, craniotomy was noted to be superior to burr
hole, with lower mortality. Bannister et al (1981)
reported 29 cases treated solely by burr holes, with
a mortality of 48%. Twenty-four cases in the same
series were treated by primary craniotomy, with
lower mortality (8%). With the availability of
computed tomography, neurosurgeons can plan
surgery and locate precisely the site of the sub-
dural empyema. This makes burr hole evacuation
a better choice for subdural empyema treatment.
It is far safer to advocate a multiple burr hole pro-
cedure than a large craniotomy, where possible
catastrophic brain swelling, infarction, or hem-
orrhage may result from an injudicious aggres-
sive opening of the dura (Bok and Peter, 1993).
A few authors compared craniotomy and
burr hole evacuation as two options in managing
subdural empyema. Miller et al (1987) observed
that there was no significant difference in the
mortalities between these two methods of surgery
(17.6% in the burr hole group and 16.7% in the
craniotomy group). Mauser et al (1987) observed
that the type of first neurosurgical procedure had
no significant bearing on patient outcomes.
The bacteriological spectrum of subdural
empyema varies according to its primary cause.
Most of the published studies showed a variety
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of causes, with paranasal sinusitis and otitis me-
dia the common primary causes. Nathoo et al
(1999) observed that Streptococcus species was
the most common causative organism (25%).
However, a sterile culture was also commonly
seen (18%). Bok and Peter (1983) also observed
a high Streptococcus species in their series (36%).
They also had a high sterile culture (30%). Ban-
nister et al (1981) had a high incidence of Strep-
tococcus species (36%) and anaerobic organisms
(27%) in their series. In this study, we had a 79.2%
(19 patients) positive detection of organisms ei-
ther from blood culture, CSF culture, or serologi-
cal tests, of whom 58% (11 patients) grew
Haemophilus influenzae. Streptococcus species
were only seen in 21% (4 patients) of patients.
This is because the subdural empyema cases were
mostly secondary to meningitis. Hussain et al
(1998) observed 48% cases of Haemophilus
influenzae type b out of 71 cases of bacterial
meningitis. Kline and Kaplan (1988) observed
64% cases of Haemophilus influenzae type b
among 25 bacterial meningitis patients. In a study
of subdural effusion in bacterial meningitis by
Syrogiannopoulos et al (1986), Haemophilus
influenzae was the most frequent etiologic agent
(74%), while Streptococcus pneumoniae was the
next most common causative agent (13%).
Snedeker et al (1990) studied the neurological
sequelae of bacterial meningitis patients who de-
veloped subdural effusion and compared with the
ones who did not develop it. They only studied
Haemophilus influenzae, Streptococcus pneumo-
niae and Neisseria meningitidis. Out of the three
organisms, Haemophilus influenzae was the most
common (74%). Streptococcus pneumoniae was
the next common (18%). Haemophilus influenzae
is also the leading cause of bacterial meningitis
in developing countries, causing high morbidity
and mortality (Salisbury, 1998).
Post-surgery, and after completion of six
weeks’ antibiotic treatment, the patients under-
went another CT scan examination. One patient
had both CT scan and MRI within a short period
of time. However, since that patient had an ex-
cellent outcome, no additional information was
given by the MRI. Post-treatment CT scan of the
brain is very important for detecting any residual
lesion or complications of subdural empyema.
Only 21% of patients had a residual effusion at 6
weeks’ follow-up. Snedeker et al (1990) observed
44 patients with subdural effusion secondary to
bacterial meningitis, and observed that several of
the patients still had a residual effusion at 1-month
follow-up. At 3 months follow-up, only one pa-
tient had a residual effusion.
Two patients had enhancement of the ven-
tricles and cerebrum in the post-treatment CT
scan. Both of them had a poor outcome. How-
ever, this was not statistically significant (p>0.05).
The other parameters, ie presence of residual
empyema, hydrocephalus, cerebral atrophy, and
hypodense areas, also show no significant statis-
tical significance. We conclude that post-treat-
ment CT scan of the brain parameters do not pre-
dict the outcomes of patients with subdural em-
pyema.
In our study, we observed a mortality of only
8.3% (2 patients). This is consistent with other
studies done in the computed tomography era.
Nearly all patients with focal neurological defi-
cits had fully recovered. One patient who did not
recover had a poor outcome.
In the initial CT scan, the presence of
hypodense areas had a significant influence on
patient outcome (p<0.05). The other parameters,
ie extension of subdural empyema, thickness, es-
timated volume, midline shift, hydrocephalus, and
patterns of enhancement, had no bearing on pa-
tient outcome (p>0.05). In the post-treatment CT
scan of the brain, no parameters had significant
bearing on patient outcome (p>0.05).
In predicting the outcome of patients using
several clinical parameters, we observed that the
level of consciousness at presentation had a highly
significant bearing on patient outcome (p<0.01).
Two patients who showed ‘response to stimula-
tion only’ died. Other patients who were ‘alert
and orientated’ and ‘drowsy and disorientated’
were alive at outcome. Other parameters, ie age,
blood culture, CSF culture, and causative organ-
ism, had no bearing on patient outcome (p>0.05).
These observations were consistent with the pre-
vious observations by Mauser et al (1987) and
Bannister et al (1981).
Mauser et al (1987) observed that patients
who were comatose at presentation, elderly or
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younger than 10 years, delay starting antibiotics,
had a sterile culture, and otogenic etiology, had a
poor outcome. Bannister et al (1981) also ob-
served that patients who were comatose at pre-
sentation, had diffuse extension of subdural em-
pyema, cerebral herniation, and sterile culture, had
a poor outcome. From these observations and our
study results, the level of consciousness at pre-
sentation had a significant bearing on patient out-
come.
Mauser et al (1987) and Bannister et al
(1981) observed that patients with sterile culture
had a poor outcome. However, in our study, five
patients had no causative organisms detected, and
all five had a good outcome. This contradicts the
observations of Mauser et al (1987) and Bannis-
ter et al (1981). A sterile culture does not signify
that the empyema is sterile. It is most likely that
the causative organisms might be fastidious and
proper collection and culture methods were
needed. Most of our patients had also sought treat-
ment elsewhere before coming to hospital. Most
of the time, they had taken a course of antibiotics
that partially treated the disease. As mentioned
by Hussain et al (1998), most Malaysian bacte-
rial meningitis cases had no lumbar puncture due
to a widespread belief that lumbar puncture will
lead to later paralysis or impotence. In the 5 cen-
ters, the lumbar puncture rate was only 16.3%.
Without lumbar puncture, the yield of organisms
is usually low.
Conclusion
This study was conducted to predict the out-
comes of patients with intracranial subdural em-
pyema using initial, and post-treatment, brain CT
scan parameters. The other objectives included
correlating the clinical features with the initial CT
scan parameters and the outcomes. It was intended
to use the clinical features and the initial CT scan
parameters to prognosticate the patient outcomes
before surgery in Southeast Asian countries.
Twenty-four clinical and CT scan variables
were studied, with two sets of outcomes. The first
set measured good and poor outcomes. The sec-
ond set measured patient survival.
The only significant CT scan variable to pre-
dict patient outcome was the presence of
hypodense areas in the initial CT scan, which
could be attributed to areas of cerebral infarction,
which had a significant influence (p<0.05) on out-
come. Patients with hypodense areas had poor
outcomes compared with patients without
hypodense areas. None of the post-treatment CT
scan parameters had a significant bearing on pa-
tient outcomes.
The level of consciousness at presentation
had a significant influence (p<0.01) on patient
outcomes. Patients with low levels of conscious-
ness tended to have poor outcomes. Correlating
the level of consciousness with the initial CT scan
parameters, only the presence of parafalcine ex-
tension had a significant correlation with the level
of consciousness.
We observed that patients with an extensive
subdural empyema had a good outcome if treated
early and aggressively with antibiotics and burr
hole evacuation. These must be performed before
the patient has deteriorated in level of conscious-
ness.
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